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TECHNICAL NOTE 2842

TEE PIANING CHARACTERISTICSOF A SURFACE HAVING

A BASIC ANGLE OF DIMD RISE OF @o AND

HORIZONTAIICHINE FLARE

By Ulysse J. Blanchard

In order to determine the effects of increasing the angle of dead
rise on the planing characteristicsof horizontally flared prismatic
surfaces, an experimental 3nvestigation has been conducted with a surface
having a basic angle of dead rise of ~“ and horizontal chine flare.
Wetted length, resistance, center-of-pressure location, and draft were
detendned for speed coefficients up to 25.0 and trims up to 30°. Beam-.
loading coefficients ranged from 0.85 to 87.33 and keel-weeted-length—
beam ratios extended generally to 7.0 and, h some cases, to higher values
‘wheneverconditions of l-d and spray permitted.

The data sh,owthat for.a given trim the planing characteristics
depend prticipally on lift coefficient. The experimental variation of the
difference between chine and kee+ wetted lengths with trim has the same
geneml trend as theory. An increase in angle of dead rise from 20°
(NACA TN 2804) to @o decreased the ratio of center-of-pressurelocatian
to mean wetted length and the extent of the pile-up of water but ticreased
the friction drag. At trims of 24° and greater, friction drag is negli-
gible and the resis~ces for those trims may be assumed equal to the load
times the tangent of the trim angle.

.
INTRODUCTION

A general program of research on the planing characteristicsof a
series of related prismatic surfaces has been undertaken by the National
Advisory Committee for Aeronautics and is described in reference 1. The
primary objective of this program is an extension of the range of experi-
mental data on planing surfaces to cover the high trims and loads of
signifimce @ the design of high-speed water-based aircraft.

The detailed scope of the program was established to include basic
angles of dead rise up to @o, trims up to 30°, wetted-length-beam
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2 NACA TN 2842

ratios Up to 7.0, and Froude numbers based on beam Up to Q5.o. me pr~-
cipal planing characteristicsto be determined for appropriate combinations
of speed, load, and trti were resistance, center of pressure, draft, and
wetted length.

The mati purpose of this paper is to present the hydrodynamic force
data for a planing surface havtig an angle of dead rise of @o and hori-
zontal chine flare. This cross section is of titerest in view of the
trend toward high angles of dead rise as a means for reducing impact loads
of heavily loaded seaplanes. The chine flare is an effective means for
controlling spray and has been found to increase the lift of a planing
surface having dead rise. Similar data for a planing surface with an
angle of dead rise of 20° and horizontal chine flare are presented in
reference 1.
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beam of phntig surface, ft

draft at trailing edge (measuredvertically from undisturbed
water level), ft -

acceleration due to gravity, 32.2 ft/sec2

. chine wetted length, ft

keel wetted length, ft

lC + ‘k
mean wetted length, for this model, ftn

center-of-pressure

trailing edge of

c

location (meamed

planing surface),

along keel forward

M
ACOST+RSti T’

of

ft

trimming moment about trailing edge of planing surface at keel,
ft-lb

vertical load, lb

friction, parallel to planing surface, lb

horizontal resislxmce, lb

vm~
Reynolds nuder, ~
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CA

CR

Cv

Cf

c%

c%

c%

c%

P

P

T

v

-.

principal wetted area (bounded by trailing edge, chine S, and

heavy spray line) projected on plane parallel to keel,
2mb, sq ft

actual wetted area aft of the stagnation line, sq ft

horizontal velocity, ft/sec

~ {m”
mean velocity over planing surface,

specific weight of water, lb/cu ft

load coefficient or beam loading, A/wb3

resistance coefficient, R/wb3

speed coefficient or Froude number, v/~bL
skin-frictiondrag coefficient,

.*
cos $ COS2T

‘~co8T - cLb ( )C%-c%k’
b

lift coefficient

,
drag coefficient

lift coefficient

A %!-p= 2m/b

drag coefficient

R
c%=—

g v% ‘m/b

based on beam, A .2%
~ 2b2~v %2

based on principal wetted area,

based on principal wetted iu?ea,

angle of dead rise, deg

mass density of water, slugs/cu ft A

trim (single between keel and horizontal), deg

kinematic viscosity, ft2/sec
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4 NACA TN 2842

DESCRIPLIIONOF.MODEL

A sketch of the model and a cross section with the pertinent dimen-
sions are shown in figure 1. The basic angle of dead rise is 40° and the
flare is a circular arc tangent to the basic section and horizontal at
the chine. The radius of the arc is such that tie angle of dead rise,

measured from the keel to chine, is 32° 47t. The resulting cross section
is similar to that of the forebody used h the tivestigationof the
effect of angle of dead rise on the hydrodynamic characteristicsof a
flying boat having a hull length-beam ratio of 15 as given in reference 2.

The model is
beam of 4 inches,
and finish of the

constructed of brass, has a rectangular plan form, a
and is 36 inches long. The details of construction
model are the same as those described in reference 1.

APPARATUS AND PROCEDURE

The Langley tank no. 1, the apparatus for towing the model, and the
instrumentationfor measuring the lift, drag, ad tr~g mom~t are

described in reference 3. A diagram of the model and towing gear is
presented in figure 2. The basic schedule for the tests and the proce-,
dure used to obtain the ~ta were generally the same as those described
in reference 1. Wetted lengths and areas were deterndned frcm under-
water photographs and from visual readings of the wetted length where
photographs were not available; A typical underwater photogaph is shown
in figure 3.

Because of a failure of the capacity-bridgewater-level recorder
described in reference 1, draft measurements were not obtained during
these tests. At the conclusion of the tests, however, a new recorder
(shown in fig. 4) became available and a limited part of the schedule
was repeated to obtain draft data for verification of pile-up at the
keel. This water-level recorder consisted of a vertically oscillating
prod with electrical pickups arranged so that the position of the prod
was conttiuously recorded together with the instant of contact with the
water. Unifom vertical motion of the prod was obtained with a motor
and csm arrangement as shown h figure 4. The vertical position was
recorded by means of a slide-wirepickup and Wheatstone bridge. From
a calibration of the position of the prod relative to the undisturbed
water surface, the actual water level at the instant of contact was
determined. Visual draft readings and water-level measuraents were

taken stiultaneouslyand changes h water level were applied as draft
corrections.

— -———- —
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The aerodynamic forces on the model and towing gate were held to a
minimum by use of the windscreen described in reference 1. The residual
~dage tare was approxtitely 0.3 pound at a speed of 82 feet per sec-
ond. The proper tares were deducted frm the measured drags to obtain
the hydrodynamic resistances. The tares for load and moment were
negligible.

The quantities measured are generally believed to be accurate within
the following limits:

Loadjlb .; . . . . . . . . .’. . . . . . . . . . . . . . . . . ~o ● 15

Resistance)lb . . . . . . . . . . . . . . . . . . . . . . . . .~O.15
Trimningmoment, ft-lb . . . . . . . . . . . . . . . . . . . . .~O.~
Wettedlength,h. . . . . . . . . . . . . . . . . . . . . . . .~o.25
Trtij deg. . . . . . . . . . . . . . . . . . . . . . . . . . . .~O.10
Speed,ft/sec. . . . . . . . . . . . . . . . . . . . . . . . . .M.20

RESULTS AND DISCUSSION

,
The experimental data obtained for all contitioriswhere the chties

were wetted are presented in table 1. IkLtafor the dry-chine condition

d were omitted inasmuch as the precision of measurement became marginal
because of small wetted areas.

In table 1, the load, resistance, speed, wetted lengths, and center-
of-pressure location are expressed in the form of conventional nondimen-
sional hydrodynamic coefficientsbased on beam. The lift and drag
coefficients are expressed in terms of the square of the beam and, also,
in terms of the principal wetted area. Both forms of lift and drag
coefficients are included because the former has been used extensively
in the literature on planing and the latter is analogous to the fundamen-
tal coefficients for aerodynamic lifting elements.

Wta for a pladng surface havtig an angle of dead rise o? 20° and
horizontal chine flare are presmted in reference 1 and are used for
comparison throughout this report.

Wetted length.- The variation of mean-wetted-length-beam zatio 2m/b
with lift coefficient CLb is shown in,figure 5. The experimental tit-a

lie along a single curve for each trim and ~ is detemninedby the

value of CLb rather than by the specific speed or load. The variations

of Zm/b with CLb for the surface having a 20° angle of dead rise are

. also included in figure 5 (dashed lines) and show the same trends. For
a given trim and CL., the increase in angle of dead rise suhstitially
increases the mean wetted length.

.—— - — ——.— —--



6 NACATN 2842

T@ relation between the chine-wetted-len@h —beam ratio Zc/b and

the keel-wetted-length-beam ratio Zm is shown in figure 6. The

~f erence
z~ - 2C

is constsmt for a given trim as was found for the
b

surface having an angle of dead rise of 20°. The variation of the &l.ffer-
ence between chine and keel wetted lengths with trti is shown in figure 7.
The variation preticted by the wave-rise theory of 17agner,as applied in
reference 4, is also shown. A mean mgle of dead rise of 36.40 was
assumed in order to account for the reduction in angle of dead rise
caused by horizontal chine flare. Although the cmputed values are
larger than the experimental values, the trends with trim are generally
the same.

Center of pressure.- The nondimensional center-of-pressureloca-
tion Zp/b is plotted against CLb in figure 8. The center-of-pressure

location is defined as the distance from the trailing edge to the inter-
section of the resultant hydrodynamic force vector tith the keel of the
model. For a given trim, the data lie on a single curve, an tidication
that, for a given trim and lift coefficient, Zp/b is, for practical

considerations, independent of speed and load. A ccmrparisonof these
curves with the curves obtained for the surface having a 20° angle of
dead rise (dashed lines in fig. 8) shows that an increase in angle of
dead rise effects a significant forward shift of the center of pressure.

Figure 9 presents plots of Z@ a@nst Z@ for each of the

trims. The variation with trim of the ratio of the center-of-pressure
location to the mean wetted length is presented in figure 10 and can be
considered a constant eqyal to 0.62 up to 18° of trti. A slight decrease
in this ratio occurs with further increase iu trim. Figure 10 shows that
this trend is shilar to that found for the surface having an angle of
dead rise of 200 and horizontal chine flare. The increase in angle of
dead rise reduced the value of the constant from 0.67 to 0.62.

Draft .- Draft measurements are shown in figure 11 where the measured—,
draft in beams is plotte,dagatist that computed from the keel wetted

length. The computed draft is defhedby * Sfi l-. These data are

rather limited h scope and have been omitted from table I. Most of
these data were obtained after the wind-screening configuration (ref. 1)
had been removed and are presented in figure 11 primarily to verify the
existence of pile-up of water at the keel. The data generally fall below
the computed curves; this result strongly suggests a pile-up at high
trims. This pile-up ticreases with increase in trim but to a lesser
degree for the surface having a 40° angle of dead rise than for the
surface having a basic angle of dead rise of 20°.

..
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Buoyancy.- Some of the light-load low-speed conditions at the lower
trims were influencedby buoyancy in that the data obtained for these
conditions did not fit the curves for which C

Lb
is the governing

parameter. The tests of reference 1 in Which the pattern of this
deviation is defined were not made for this model. Inspection of the
data presented herein, however, in light of the results of reference 1,
indicated that the bulk of the conditions so affected were those for
which buoyancy, based on the displaced volume, equaled at least 20 per-
cent of the load.

For a given trti and CLb) the curves presented in figure 12

establish a minimum load below which the data will not fit the curves
where C~ is the Wvemtig wrameter. The area below each trti curve

represents data that will be most influenced by buoyancy. Data falling
in this range of speed and load have been omitted from table I and from
the curves. 8

Resistance.- The variation of drag with lift is presented h figure 13
as a plot of C% a@nst C%. The solid lines represent the total

drag and are faired through the data. The dashed lines represent the
induced drag coefficient, defined by CLb tan T. The friction drag is
then represented by the difference between the solid and dashed lines.

The friction drag for the surface having an angle of dead rise of

40° is greater tkn that for the surface having an angle of dead rise
of 200. This ticrease in friction with increased angle of dead rise
can be attributed to the greater wetted area required to support a given
load as evidenced by the greater Zm/b value for a given c% (fig. 5).
At tr3ms of 24° and greater, friction is negligible and the total drag,
for practical purposes, is equal to the induced drag A & T.

Skin-friction drag’coefficients were calculated h the maaner
described in reference 1 for trims where friction is significant. The
variation of skin-friction drag coefficient tith Reynolds number is
shown in figure 14 for trims of 4°, 60, U?”, and 18°, together with the
Schoenherr line for turbulent flow and the Blasius line for laminar flow.
The grouping of the data tidicates that at high Reynolds numbers the
friction can be calculated, for engineering purposes, by use of the
Schoenherr turbulent-flow

The results obtained

planing surface having an

equation (ref.‘5). “

CONCL&NG REMARKS

from an experhental investigation of a
angle of dead rise of 40° and horizontal

.- — — ----
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chine flare indicate that, during
@ortant planing characteristics

NACA TN 2842

high-speed steady-stateplaning, the
for a given trti depend principally on

lift coefficient. The variation of the dMference between chine and keel
wetted lengths with trim angle has the same general trend as theory.
The ratio of center-of-pressurelocation forward of the trailing edge
to the mean wetted length, for most practical applications, is a constant
up to 180 of trti but decreases somewhat at higher trtis. Increasing
the basic angle of dead rise of a horizontally flared surface from 20°
(NACATN 28o4) to 40° decreases this ratio from o.67to 0.62.

Evidence of pile-up of water at the kee,lwas present at all times
and was substantialat high trims. The amount of pile-up was less for
the model tested than for the surface havtig a 20° angle of dead rise and
horizontal chtie flare. For the surface having a @o angle of dead rise,
the friction drag is a~reciable over a wider range of trim than for the
surface hatig a 20° angle of dead rise because of the increased wetted
area required to support a given load. At trims of 24° ~d greater)

*
friction drag is negligible and the resistances for these trims may be
assmned equal to the load times the tangent of the trim angle.

Langley Aeronautical Laboratory,
National Advisory Ccmmittee for Aeronautics,

Langley Field, Vs., September 23, 19520
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TABLEI

~AL DATAOBTAINEI)FOR A FLARIN13SDRFACERAVIN13A ho” ANUE OF DEW RISE

ARD Rom2cmTAL CRINEFLARs - LANGLEYTANKMODEL277A

[
Averagekinematicviscosity= 10.k3x 10 14ft2/see;speclfiaweightof tankwatar= 63.4lb/auft

I c~ I CR

::2
$s2
6.39
6.39
6..39

::2
6.39
6.33
6.39
6.39

2%
6.39

6“?10. 5
10.65
10.65
10.65
10.65
10.65
&;

~ 19.17
19.17
19.17
.85

2.13

;:%
;.g

%’10* 5
;:::g

19.17
19.17
19.17
19.17
;;::;

27.69
27.69
27.69
3b.21
36.21

%2
53.25
53.25
.85
2.13
2.13
2.13
6.39
6.39

6“?10. 5
10.65
10.65
19.17
19.17
19.17
19.17
19.17

c%

20.04
.0 5
.0436
.0422
.ll9

z.12 3
.1170
.0794
.0774

$J%j

.0458

.0456

.0%36

.Oy?

.026?

.0797

.0774

.0775

.0k60

:$E

:x;

:3:
.0604

.0281

:%$
.044
.201$
.1789
.1207
.0796
.0609
.1740
.12
.08z
.0866
.2430
.1817
.123
.SL3
;;&

.0802

.2432

:X&

.0787

:x%
.1803
.0781

:%%

:%;
.2453

c%

0.01
.02~
.0146

::%
.03 5
J.0 7

::%
.0245
.0247
.0150
.0153
.01
.01z
.o121
.0109

1
.02 3
.02 5
.0255
.olb7
.0137
.013
.024?
.0246
.0244
.0244
.018+
.0123

2
.025
.01

9?
.Og
.01

-

:$
.o124

:8-?3
.0280

::$

.0283

.0202

.0182

:%??
.0278

ii
.025
.041
.03-90
.0229
.0602

:%3
.0339
.02.13
.0212
.0628
.0476
.02’XI
.1*
.1028
.1040
.0612
.0624

cL~

o.021
.018
.020
.020
.017
.017
.016
.01
.01i
.018
.017
.021
.021
.o19
.020
.016
.01
.01i
.018
.017
.020
.023
.01
.01i
.018
.018
.016
:o&9

0$
.0

M
---
.027

:%
:04J

3!5
.042
.030

:$%
.038
.o~
.031
.031
.032
.03

%J

.128

.127

:;G
.120
.l.u
.12
.12i
.089
.090
.091
.106
.llz

cDa

(Mmiy

.c&7

:Eg
●W*

:%%

:&?%

%%
.0070
.W63
.0067
.Ca50
.C070
.0057
.0057

M-J

;c&6

.CQ9?

.0055

::=%

.01d?

.0124

.C’091

.0104
---

.0085

.0079

.0107

.0120

.C072

.0073

:ylj

:x$

:%%

:%%
.0070
.m72
.CW4
.0072
.037
.J12

:%2

%g

.0288

.035

.oJ1

.0235

.0232

.027
i.025

.0285

.

‘1
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TABISI - Continued

>

ExPERIHEtiTAL

CA

19.17
19.17
19.17
19.17
27.69
2?.69

5$

36.21
36.21
36*2.I
36.21
36.21
36.2.I
53.25
53.25
53.25
53.25
70.29
‘70.29

%l:z
.87.33
87.33

8::v~

w

6“?10. 5
M3.65
10.65
19.17
19.1
19.1$
19.17
19.17
19.17
27.69
27.69
27.69
27.69
27.69
27.69

i%
36.21

$:;

53:25
53.25
;;.;~

70:29
70.29

w
87.33
2.13
2.13

,;jj

10.65
10.65
19.17
19.17
19.17
19.17

DATAOBTAJXEOFOR A PLARIiVf3 60RFACE HAV127G A ko” AHGLB OF DMD RI=

Arm HoR12mTAL CHINE FLARE - LLHGLEYIMHKHoW 277A

%

17.63
17.63
22.11
25.16
15.16
17.

?20. 9
25.19
11o99
12.

?13. 2
15.16
20.22
2J.;5

“dlh
16.
20.i%
2k.52
17.17
21*11
24.16

z
2 .16
1 .36
23.58

2?%
4.12
4.82
10.10
10.13

9“?10. 9
10.89

1%$
12.50
12.57
17.60
22*51
15.04
15.25
lU:;$

~5:;8

12.1$

d
15.2
17.
20.22
24.40

z
2 .41
1 .76
16.29
2&04

“%17.
21.04
24.19

L
18. 6
23.
2.99
4.2
d
10.25
9.k2
10.89

%:g

12.47
12.66

‘%
-
4. 8
14. 9

MJ

7.o8
7.1
7.3

Viz
9.44
9*33
9.07

,yJ

13.86
L3.47
L .52
31 .57
18.00
17.85
17.60
?3.24
Z2.1.l
22:23

~?2.2

m
3.7:

$~

6:77
6.69
6.79
7.09
9.67

3%
9.64
9.87
1.2.61
2.2.58
12.57
L2.52
12.*
12.74
18.49
18.
18.z
18.45
24.p
24.19

%%
33.05

:;2
.97

2.95
b.90

;%J

:.:5

8:d

0:$
.08

0
1.72

g

t%
3.92
2.72
l:g

5:Z
3.82
1.72

4:;2
2.68
1.70
yJ

2:80
2.20
0
NJ&

.17

.2

.8z
●55
● 55
2:&5

.8
ii

:!8
o
.88
.80
.48
.22
.02
.08
2.38
l:z!g

.48

.25

.20
2.40
lea
.82

“?2* 5
l:&5

2.42

;:%
.62
.3
.15

:3
0
1.62
l:g

.52

1.00
;g

.42
2.19
1.40
.87
.73
5.73

?3

NJ
3.1

g

2.18
1.44
5.35
3.11
2.19
1.90
5.6
3.22
2.6

3
d8

:%
.52

la:

.81
2.53
1.10
1o11
1.11
.50
.28

1.15
1.06
.76

:g

2.63
1.53
1.07
.76

‘F2. 5
2.10
1.09
.79
2.69
1052
1.06
2.68
1.61
L66
.8C
.5
.
$
:57
.25
I*8C

.X
1.

●7I

Xk

-F

1.50.
1.50
1.12
.85
2.6
1.8Z
1.38
1.25

;g

3.60
10 5
,.?0
1J+2
6.QS
k.’n
2.62
1.92
5.75
3.5
2.6ii
2.25
6.o
3.6i
3.05
.55

z
1.5
1.1
.88

1.42

,:;
1.0

2.80
1.40
1038

w

@
1.32

.J
1*O

:%
2.88
1.80
1.32
1:::

.82
2.90
2.3

I*CJ
1.3

2.92
1.78
1.32
2. 2
z1. 7

1.82
.98
.72

:%!
.75
.50

1.98
l:;

~
.90

0.%3

s
1.50

:2

“r3. 9
3.26
2.82

Jd
2.1

‘F3. 0
2.76
1.44

3ZJ

1.41
1.26
3.57
2.01
L68
.39
.91

:2

:3

:Z!

6?
1.6

%
.30

:3

~:

:g

1*8O
.96

:$
.3

$

107

l:d
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